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ABSTRACT
The purpose of this study was to determine the effec­
tiveness of isometric exercises and isotonic endurance 
exercises in improving cardiovascular efficiency of eighth 
grade girls who were rated from high to low in initial cardio­
vascular efficiency. A secondary purpose was to determine 
the relative effects of isometric exercises and isotonic 
endurance exercises in improving cardiovascular efficiency 
of the subjects when classified as being underweight, average 
weight, or overweight.
The subjects in this study were 120 eighth grade girls 
enrolled in physical education classes. At the beginning of 
the experiment each girl was classified as being underweight, 
average weight, or overweight in accordance with the Pryor 
Width-Weight Chart. All subjects were then administered the 
modified Harvard Step Test. Based upon the results of the 
initial step test, the subjects were divided into five equal 
groups with the twenty-four subjects having the lowest cardio­
vascular efficiency scores in one group, the next lowest 
twenty-four scores in the second group, and on up to the 
twenty-four subjects having the highest step test scores 
comprising the fifth group. Each of these groups was then 
randomly divided into an isometric exercise group and an iso­
tonic exercise group.
ix
The subjects in the isotonic group performed a series 
of isotonic exercises, and the girls in the isometric group 
performed a battery of isometric exercises three days per 
week for six weeks in addition to their regular physical 
education activity. At the end of the training program, the 
modified Harvard Step Test was readministered.
The data were analyzed by means of the t-test for 
correlated means to establish the significance of the mean 
gains in cardiovascular efficiency scores from the initial 
to the final tests for each group. Where significant t- 
scores were found, analysis of covariance was used to compare 
the effects of the two exercise programs. Product-moment 
coefficients of correlation were employed to analyze the 
relationship of the type of exercise program with cardio­
vascular efficiency performance of the subjects when 
classified by initial cardiovascular fitness and also when 
classified by body weight.
The main findings in this study were:
1. For the general population of eighth grade girls, 
the isometric exercises performed in this study will produce 
significant improvement in cardiovascular efficiency.
2. The subjects with lowest initial cardiovascular 
efficiency improved more with isotonic exercises than with 
isometric exercises.
x
3. The subjects of highest initial cardiovascular 
efficiency in the isotonic exercise program had significantly 
poorer scores at the end of the study, whereas the subjects 
of similar initial status in the isometric program showed no 
significant change in scores.
4. For all subjects there was a significant negative 
correlation between initial status in cardiovascular effi­
ciency and gains made from initial to final test.
5. The relationship between body weight and initial 
cardiovascular efficiency, although negative, was not signifi­
cant, nor was the correlation between type of exercise and 
step test improvement in subjects when classified by body 
weight.
6. The average weight subjects in both exercise pro­
grams showed significant improvement in cardiovascular 
efficiency performance.
Within the limitations of this study, the following 
conclusions were drawn:
1. Isometric exercises are beneficial in improving 
cardiovascular efficiency for girls of all levels of initial 
cardiovascular fitness, while the benefits of isotonic 
exercises appear to be more specific according to initial 
level of fitness.
2. Isotonic exercises are better for subjects having 
low initial cardiovascular efficiency than are isometric 
exercises.
xi
3. In order to improve cardiovascular efficiency, 
more strenuous exercises should be provided for subjects of 
high initial cardiovascular fitness.
4. Average weight girls show more improvement in 
cardiovascular efficiency than either underweight or over­
weight girls in both programs of exercise.
xii
CHAPTER X
STATEMENT OP THE PROBLEM
I. INTRODUCTION
During the past several years there has been wide­
spread concern for the physical condition of the American 
public. Not infrequently, achievement in sports and success­
ful performance in emergencies demand a high level of respira­
tory and cardiovascular fitness. It is not surprising, 
therefore, that physical educators and athletic coaches have 
been vitally concerned with the development of these physi­
ological systems. It follows that techniques for measuring 
the effectiveness of recreational and training programs in 
developing these physical factors are indispensable.^
Because of this concern by physical educators, the 
United States public is becoming cognizant of what needs to 
be done, which is to provide our youth with more effective 
physical activities and professional guidance in body develop­
ment and to determine one's present state of physical fitness
^-Henry J. Montoye, "Inter-relation of Maximum Pulse 
Rate During Moderate Exercise, Recovery Pulse Rate, and Post- 
Exercise Blood Lactate," Research Quarterly, 24:453-58, 
December, 1953.
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and improve it.
Today, mechanical devices do a large portion of the
hard labor, and it has been stated that most individuals do
not regularly exercise enough to maintain an adequate level
of physical fitness. As a result, the normal daily activity
must be supplemented with some form of vigorous exercise for
3
individuals to be physically fit.
Muscular strength is the basis for physical fitness.^ 
This aspect, plus that of muscular endurance, is of primary 
concern to those attempting to improve their fitness. It 
has been said that one aspect of fitness which has received 
relatively little attention is that of cardiovascular endur­
ance or efficiency.5
Cardiovascular efficiency has been defined as the 
ability of the heart and circulatory system to adjust to the 
stress of activity.® In other words, it is the ability of 
the heart and its blood supply system to meet the body's
^David W. Beggs and Edward G. Buffie, "Investigation, 
Innovation, and Physical Education," Journal of Health, 
Physical Education and Recreation, 35:19, October, 1964.
■^ U.S. Department of the Navy, Shape-Up, p. 11.
^Ibid., p. 6.
5Vera Skubic and Jean Hodgkins, "Cardiovascular 
Efficiency Test Scores for College Women in the United 
States," Research Quarterly, 34:454, December, 1963.
®Vera Skubic and Jean Hodgkins, "A Cardiovascular 
Efficiency Test for Girls and Women," Research Quarterly, 
34:191, May, 1963.
oxygen requirements, commonly referred to as "wind."7 Improve­
ment in cardiovascular efficiency appears to result mostly 
from participation in activities of speed and endurance.
Authorities on cardio-respiratory endurance have con­
cluded that it is practically impossible to damage the normal
Q
heart through exercise. In fact, it has been quite well
established that the normal cardiovascular system gradually,
but effectively, adjusts itself to increased amounts of
strenuous muscular activity. The immediate response to
exercise of the cardiovascular system in the well-conditioned
person differs from that of individuals who are not accustomed
to strenuous muscular work. Likewise, the circulatory system
of the trained individual shows a more rapid return to the
pre-exercise level than that of the person who does not
g
regularly engage in vigorous activities. Basing his opinion 
on a number of studies on cardiovascular improvement,
Cureton concurred with this belief and stated that exercise 
is decidedly beneficial.^0
7U.S. Department of the Navy, op. cit., p. 6.
®Celeste Ulrich, "The Tomorrow Mind," Journal of 
Health, Physical Education and Recreation, 35:18, October,
1964.
9Edwin R. Elbel and Robert M. Holmer, "The Relation­
ship Between Pre-Exercise Pulse Rate and Recovery Following
Exercise," Research Quarterly. 30:367-77, December, 1949.
1°T. K. Cureton, "Improvements in Cardiovascular Con­
dition of Humans Associated with Physical Training, Persist­
ently Performed Sports, and Exercises," Annual Proceedings. 
College Physical Education Association, Columbus, 1957.
Marsh wrote that through physical activity a wonder­
ful metamorphosis takes place in the human body. The heart 
increases in working capacity; muscles become stronger and 
react more rapidly; the resting circulation of blood is 
accomplished with relative ease; and the total efficiency of 
the organism is immensely enhanced.^
On the basis of research done in this area, it has 
been concluded that a three-minute step-test is a valid test 
for measuring cardiovascular efficiency.^ ^ H o w e v e r ,  
there has been no consensus as to the best type of exercise 
to improve cardiovascular efficiency. Most of the literature 
on this subject has recommended vigorous, isotonic exercises, 
particularly those using a large number of repetitions, as 
being most effective in improving cardiovascular efficiency. 
However, recent evidence has indicated that isometric 
exercises will improve cardiovascular efficiency as well as
HRichard L. Marsh, “The Effects of a Bicycle Train­
ing and Muscular Conditioning Program on Cardiovascular and 
Endurance Components in Pre-Pubescent Boys" (unpublished 
Master's thesis. University of Illinois, 1958).
l^skubic and Hodgkins, "A Cardiovascular Efficiency 
Test for Girls and Women," loc. cit.
skubic and Hodgkins, "Cardiovascular Efficiency 
Test Scores for College Women in the United States, loc. 
cit.
i4Vera Skubic and Jean Hodgkins, "Cardiovascular 
Efficiency Test Scores for Junion and Senior High School 
Girls in the United States," Research Quarterly, 35:184-92, 
May, 1964.
improving other constituents of physical fitness. ^
The comparison of isometric exercises with the more 
conventional isotonic exercises has been the subject of 
numerous studies in recent years. Because of the very nature 
of isometric exercise in terms of time actually spent exer­
cising, there has been reluctance on the part of some 
physical educators to accept this method; in fact, it has 
been contended that isometric exercise is limited solely to
strength development and is therefore deficient as an ade-
17quate approach to physical fitness. A controversy has
thus ensued and has yet to be resolved.
In their zeal to defend their respective positions,
writers on both sides of the issue have employed empirical
reasoning and at times have summarized in part from research
18findings and in part from hypotheses. As a result, persons 
have been misled into concluding that one type of exercise is 
superior to the other in all situations. Much more informa­
tion is needed. Is it not possible that isometric exercises
■^Robert A. Alost, "A Study of the Effect of Initial 
Cardiovascular Condition, Type of Training Program, and Fre­
quency of Practice Periods Upon the Cardiovascular Develop­
ment of College Men1 (unpublished Ed.D. dissertation, 
Louisiana State University, 1963).
^■^Mary Louise Life, "The Effects of Supplementary 
Isometric Exercises with Swimming and Golf on Selected 
Physiological Factors of College Women" (unpublished Ph.D. 
dissertation, Louisiana State University, 1964).
Harrison Clarke, "Isometric Versus Isotonic Exer­
cise," Physical Fitness News Letter, Series IX, No. 6, 
February, 1963.
IQlbid.
are better for some individuals and isotonic exercises are
better for others? Does the person's level of physical
*
ability, such as in the area of cardiovascular efficiency, 
which a person possesses prior to the onset of any concen­
trated program of exercise have any bearing on the amount of 
improvement obtained by a particular method of exercise? Is 
body weight a factor in determining which type of exercise 
program is better? Before deciding the relative merits of 
isometric exercises and isotonic endurance exercises, these 
questions need to be answered. This study was designed to 
help provide answers to these questions.
II. PURPOSE OP THE STUDY
The purpose of this study was twofold: (1) it was to
determine the effectiveness of isometric exercises and iso­
tonic endurance exercises in improving cardiovascular 
efficiency of eighth grade girls who had been classified 
from high to low in cardiovascular efficiency as measured by 
the modified Harvard Step Test, and (2) it was to determine 
whether isometric exercises or isotonic endurance exercises 
were more beneficial in improving cardiovascular efficiency 
of eighth grade girls who had been classified as underweight 
average weight, or overweight by means of the Pryor Width- 
Weight Chart.19
l^Helen B * Pryor, M.D., Width-Weiqht Tables (Stanford 
Stanford University Press, 1940).
7III. NEED FOR THE STUDY
Physical educators are often critical of the small 
amount of time allotted for physical education in the public 
and private schools. The laws of each state stipulate the 
minimum amount of time which must be devoted to physical 
education. However, many physical educators do not believe 
that this is sufficient. The problem is compounded by large 
classes and a lack of facilities and equipment. It is impera­
tive then, to do the best job possible in the time allotted. 
This can be best accomplished through a thorough appraisal 
of the students by testing and then selecting activities 
which are the most beneficial for the students in light of 
their needs.
One of the primary objectives of physical education 
concerns physical fitness, a component of which is cardio­
vascular efficiency. This often presents a problem in terms 
of class time available. Many of the games and activities 
that are taught in physical education classes are not of a 
strenuous nature which results in the necessity to supplement 
the class activity with exercises designed to develop physi­
cal fitness. Therefore, the most expedient method is sought. 
Furthermore, in order to select the best methods, one needs 
to know whether the students' initial ability and physical 
status have a bearing on the efficiency of a particular 
method of exercise. This aspect of isometric versus isotonic 
exercises has not been previously investigated in scientific
studies. Consequently, there is a need for this study to 
help physical educators select the most effective and 
economical activities in order to satisfy the objectives of 
the program.
IV. DELIMITATIONS OP THE STUDY
The subjects in this study were eighth grade girls at 
Westlane Junior High School in Indianapolis, Indiana.
The duration of the experiment was eight weeks, of 
which the first and last weeks were used for testing. Only 
one method, the modified Harvard Step Test, was used to mea­
sure cardiovascular efficiency.
The investigator attempted to urge the girls to do 
the exercises as vigorously and conscientiously as possible, 
but undoubtedly, not all the girls were equally motivated.
V. DEFINITION OP TERMS
The terms basic to this study were defined as follows
Isotonic Exercises. Isotonic exercises were defined 
as those exercises in which the distance between the muscle 
origin and insertion alters during the development of muscu­
lar tension.^®
20K. B. Start and J. S. Graham, "Relationship Between 
the Relative and Absolute Isometric Endurance of an Isolated 
Muscle Group," Research Quarterly, 35:193-94, May, 1964.
Isotonic Endurance Exercises. This type of exercise
was defined as work being done against gravity in terms of
the load and the distance through which the load is moved.
21A series of repeated efforts is involved.
Isometric Exercises. The term isometric exercises
were exercises in which the distance between muscle origin
22and insertion remains constant for the period of tension.
Isometric Endurance Exercises. This term was used to 
designate isometric contraction whereby the muscle group 
attempts to maintain maximum tension for a relatively long 
period of time, beyond that necessary for just developing 
strength.
Bi-iliac Diameter. The bi-iliac diameter was defined
to be the width of the pelvic crest measured at the widest
23flare of the iliac crest.
Lateral Thoracic Diameter. This term was described
24as the width of the chest measured at nipple level.
21lbid. 22ibid.
23jielen B. Pryor, loc. cit.
24l o c . cit.
CHAPTER II
REVIEW OP RELATED LITERATURE
A review of the literature revealed numerous studies 
concerning the effect of various activities on physical fit­
ness in general, and on cardiovascular efficiency in partic­
ular. The majority of the studies indicated that 
cardiovascular efficiency is improved through a variety of 
activities. There has been some controversy through the 
years as to the effects of strength building activities on 
cardiovascular efficiency.
Steinhaus^ implied that weight training decreases 
circulorespiratory endurance because the increase in skeletal 
muscle bulk which occurs is not accompanied by a commensurate 
increase in the size and efficiency of certain circulo­
respiratory mechanisms. In effect, the increased skeletal 
muscle would place a greater load on the circulorespiratory
system and ultimately decrease circulorespiratory endurance.
2A different view was expressed by McCloy when he
•^Arthur H. Steinhaus, cited in George Gillesley, "The 
Physiologists Speak on Weight Lifting," Journal of Physical 
Education, 35:16-17, September-October, 1938.
2C. H. McCloy, "Endurance," The Physical Educator, 
5:9-23, March, 1945.
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pointed to muscle strength as one of three factors necessary 
in the development of circulorespiratory endurance, since an 
increase in strength would necessitate fewer muscle fibers 
being used by an individual during a given bout of exercise. 
This being the case, the onset of fatigue in muscles should 
be delayed, thereby decreasing the demand on circulorespira­
tory mechanisms and prolonging the period over which physical 
activity could be continued.
A number of the studies have utilized a step test as
a means of measuring cardiovascular fitness. According to 
3
Brouha, a satisfactory estimate of a man's fitness can be 
obtained by exposing him to a standard exercise that no one 
can perform at a "steady state" for more than a few minutes 
and taking into account two factors: the length of time he
can sustain it and the deceleration of his heart rate after 
exercise. He stated that this test purports to measure the 
general capacity of the body, in particular the cardio­
vascular system, to adapt itself to hard work and to recover 
from what it has done.
4
A study by Elbel and Holmer was conducted in an 
attempt to determine the relationship between the
^Lucien Brouha, "The Step Test: A Simple Method of
Measuring Physical Fitness for Muscular Work in Young Men," 
Research Quarterly, 14:31, March, 1943.
4Edwin R. Elbel and Robert M. Holmer, "The Relation­
ship Between Pre-Exercise Pulse Rate and Recovery Following 
Exercise," Research Quarterly, 20:367-77, December, 1949.
12
pre-exercise pulse rate and the amount of time required for 
the pulse to return to the pre-exercise level following two 
minutes of exercise. The study also sought to determine the 
relationship between body weight and the amount of time 
required for the pulse rate to return to the pre-exercise 
level. The subjects were forty-five male students at the 
University of Kansas. All were considered to be above 
average in physical fitness. They performed the step-up 
exercise at a cadence of thirty-six steps per minute for two 
minutes. Pulse rates, with the subject in a recumbent 
position, were secured prior to exercise and at uniform 
intervals following exercise until the pulse rate had 
returned to the pre-exercise level. The conclusions were 
that (1) recovery time is not related to the pre-exercise 
pulse rate; (2) body weight is not related to the amount of 
time required for the return of the pulse to the pre-exercise 
rate; and (3) pre-exercise pulse rate and the increase due to 
a two-minute period of exercise are not related. An earlier 
study by Elbel5 had also indicated that the correlation 
between body weight and increased pulse rate due to exercise 
was insignificant.
Cullumbine made an attempt to compare the resting
~*Edwin R. Elbel, "The Relationship Between Pre- 
Exercise and Post-Exercise Pulse Rate," Research Quarterly. 
19:222-28, October, 1948.
6H. Cullumbine, "Relationship Between Resting Pulse 
Rate, Blood Pressure, and Physical Fitness," Journal of 
Applied Physiology. 2:278-82, November, 1949.
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cardiovascular state with several different aspects of physi­
cal fitness. The subjects were normally active and healthy 
persons aged ten to twenty-five years. The tests used were:
(1) the Harvard Step-up Test; (2) the Endurance Step Test;
(3) the Harvard Step Test performed to exhaustion; (4) 
strength; and (5) speed. He found that the slower the rest­
ing pulse or the lower the resting systolic blood pressure, 
the slower was the post-exercise pulse rate or the lower was 
the post-exercise systolic blood pressure, respectively.
-Speed of movement, strength, and ability to sustain moderate 
exercises were positively correlated with the resting sys­
tolic blood pressure.
In a study conducted with 122 New Zealand school 
children with a mean age of 12.75 years, Faine and Mathews 
employed a modified Tuttle Pulse Ratio Test and concluded, 
as had Morehouse and Tuttle, that the pulse rate in the thirty 
seconds immediately after exercise is a valid measure of the 
maximum pulse rate attained during the exercise. It was 
further concluded that the pulse ratio covering the period 
two minutes after exercise also provides a measure of deceler­
ation rate because the total number of beats will clearly 
decrease with rapid deceleration and increase if deceleration
7
is delayed.
7Lolomon Faine and Denis T. Mathews, "Physical Fit­
ness Tests on New Zealand School Children," Research 
Quarterly, 22:399-408, December, 1951.
14
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Howell, Hodgson, and Sorenson equated two groups of 
seventeen subjects enrolled in required physical education 
on the basis of the modified Harvard Step Test. The esqperi- 
mental group participated in circuit training twice a week 
for four weeks. The control group took part in the regular 
service program consisting of badminton and volleyball. At 
the conclusion of the experimental period, all subjects were 
retested on the modified Harvard Step Test. The experimental 
group showed a statistically significant improvement over 
the four-week period whereas the control group did not; how­
ever, comparison of the mean gains between groups showed no 
significant difference.
Another study using a step test was reported by 
g
Michael and Gallon. A one-minute step test at thirty-six 
steps per minute on a seventeen-inch bench was given to 
seventeen varsity basketball players every three weeks during 
sixteen weeks of training and also after ten and twenty weeks 
of detraining. The results showed that recovery pulse rates 
made significant changes in three weeks and highly significant 
changes in six weeks. After six weeks of training, a plateau
Q
^Maxwell L. Howell, James L. Hodgson, and J. Thomas 
Sorenson, "Effects of Circuit Training on the Modified 
Harvard Step Test," Research Quarterly. 34:154-57, May,
1963.
9Ernest D. Michael and Arthur Gallon, "Periodic 
Changes in the Circulation During Athletic Training as 
Reflected by a Step Test," Research Quarterly, 30:303-11, 
October, 1959.
15
was reached, and although no significant changes occurred 
when training was continued an additional ten weeks, the 
maximum changes were recorded at the end of the sixteen weeks 
of training. Three weeks of lay-off, due to vacation, after 
ten weeks of training caused a reversal of the recovery pulse 
rates, but the change was not statistically significant. It 
was then found that after three additional weeks of training 
the fitness level was again brought up to maximum. In ten 
weeks of detraining, the circulatory changes had reversed 
significantly so that conditioning was not maintained after 
daily workouts had stopped.
Marsh*^ used the Brouha Five-Minute Step Test as one 
of several measures of physical fitness in investigating the 
effects of a long term (thirteen weeks) bicycle and general 
conditioning program on cardiovascular-respiratory and 
endurance fitness of four pre-pubescent boys. Each subject 
was pre-tested to determine individual fitness; then retested 
at the end. The boys improved in all areas of fitness; 
respiratory force, vital capacity, breath holding, Brouha 
Five-Minute Step Test, treadmill run, Four Item All-Around 
Muscular Endurance Test, Larson Composite, and motor ability.
In a study by Abdo,^"1" 198 women students were given a
lORichard L* Marsh, "The Effects of a Bicycle Training 
and Muscular Conditioning Program on Cardiovascular and 
Endurance Components in Pre-Pubescent Boys" (unpublished 
Master's thesis, University of Illinois, 1958).
^Sarnia Hanem Ahmed Abdo, "Leg Strength and Height- 
Weight Factors in Relation to Cardiovascular Efficiency of
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leg strength test and a three-minute cardiovascular effi­
ciency test. Height, weight, chest width, and pelvic width 
were also measured. The purpose of the study was to investi­
gate the influence of leg strength on the performance of the 
three-minute cardiovascular efficiency test and to study the 
relationship between three "weight" classifications and 
cardiovascular efficiency and between girls' ponderal indices 
and cardiovascular efficiency. The conclusions were that 
cardiovascular efficiency is related positively to leg 
strength for normal weight women, cardiovascular efficiency 
is related significantly to ponderal index, and cardio­
vascular efficiency is inversely related to weight. Cardio­
vascular efficiency was not found to be related to height.
1 ?AlostAA conducted an investigation in which he
 ^*
attempted to determine the effect of initial cardiovascular 
condition, type of conditioning program, and frequency of 
training upon the gain in Harvard Step Test scores of college 
men. An effort was also made to determine the effect of the 
various training programs upon proficiency in the activity 
engaged in during the study. Subjects were 240 college men 
at Louisiana State University. Two basic groups were formed,
College Women" (unpublished Ph.D. dissertation, Louisiana 
State University, 1965).
l^Robert A. Alost, "A Study of the Effect of Initial 
Cardiovascular Condition, Type of Training Program, and 
Frequency of Practice Periods Upon the Cardiovascular 
Development of College Men" (unpublished Ed.D. dissertation, 
Louisiana State University, 1963).
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one doing isometric exercises and the other engaged in 
running activities. The subjects were given a battery of 
tests at the beginning and end of a seven-week period. All 
subjects were given the Harvard Step Test. Additional tests 
were given the isometric group, and a running test was given 
the isotonic group. Twelve groups of twenty subjects each 
were established according to activity, initial condition, and 
frequency of training. The isometric subjects participated 
in golf, and the isotonic subjects participated in tennis.
The findings indicated no significant difference in 
the effectiveness of an isometric exercise program and a run­
ning program of training in developing cardiovascular con­
dition. Individuals in below average cardiovascular condition 
tended to gain more than those in above average condition, 
but below average subjects did not obtain the physical con­
dition of the above average subjects. Improvement in cardio­
vascular condition increased as frequency of practice periods 
increased. Strength and running performances were directly 
related to frequency of practice periods.
In a study by Life,"^ the effects of supplementary 
isometric exercises with swimmii.g and golf on muscular 
strength, physical fitness and cardiovascular efficiency of 
college women were investigated. The subjects were ninety- 
six college women enrolled in physical education basic skills 
classes at Louisiana State University. The total group was
l^Life, loc. cit.
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divided into four smaller groups. Group 1 was enrolled in 
intermediate swimming and participated in isometric exercises. 
Group 2 engaged in beginning golf and isometric exercises. 
Group 3 had intermediate swimming with no supplementary 
exercises, and Group 4 participated in golf with no supple­
mentary exercises. The subjects were given Roger’s Physical 
Fitness Index Test and the Cardiovascular Efficiency Test 
for Girls and Women at the beginning and end of an eight-week 
period. All groups showed significant improvement in the 
Physical Fitness Index. Cardiovascular efficiency was 
improved by Groups 1, 2, and 3. All groups showed a signifi­
cant increase in pull ups, arm strength, leg lifts, and lung 
capacity. Swimming and isometrics were better than golf and 
isometrics, and golf alone was better than swimming alone on 
the Physical Fitness Index. Isometric exercises were signifi­
cantly superior to the non-isometric programs, and swimming 
was superior to golf in development of cardiovascular effi­
ciency.
Bell"*-4 conducted a study to show the effects of a 
gymnastics training program on the cardiovascular efficiency 
of young boys as reflected by the Schneider Index Test. The 
subjects were twelve boys ranging in age from five to eleven 
who participated in a gymnastics program for eight months.
^4Harry H. Bell, Jr., "The Effect of Gymnastics on 
the Cardiovascular Condition of Boys" (unpublished Master's 
thesis, University of Illinois, 1958).
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Although several individuals made significant improvement in 
various factors measured, the gains made by the entire group 
were not significant as a result of the training program.
Another investigation using the Schneider Index Test
15was conducted by Warner. She assigned fifty-one female 
campers between the ages of nine and thirty to one of two 
groups. One group performed strenuous activities while the 
other participated in quiet activities in order for the 
investigator to study the effects of training on cardio­
vascular condition. She found that the subjects were 
favorably affected by vigorous training and that the training 
was beneficial.
Wilson, ° using an all-out treadmill run as a measure 
of circulorespiratory endurance, found that a group of 
college students who trained with weights for a period of 
twelve weeks showed an average decrease in treadmill running 
time of 11.15 per cent. A parallel group of control subjects 
who participated in volleyball classes following the initial 
test experienced a decrease in running time of 1.0 per cent. 
Wilson concluded that weight training had a detrimental 
effect on circulorespiratory condition.
3-5E. H. Warner, "The Effect of Training on the Adoles­
cent and an Attempted Scientific Evaluation of Selected 
Activities," Research Quarterly, 4:143-53, October, 1933.
■^Arthur L. Wilson, "The Effects of Weight Training 
on the Physical Fitness of Young Men" (unpublished Master's 
thesis. University of Illinois, 1947).
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In a study similar in design to that of Wilson,
Capen^7 found conflicting results. The time of a 300-yard 
run was used as a measure of circulorespiratory endurance. 
Capan found that a group that trained with weights improved 
in the 300-yard run by 6.2 per cent. The control group with 
emphasis placed upon endurance elements in the training 
improved 6.5 per cent. Capen concluded that weight training 
was as effective in the development of circulorespiratory 
endurance as was a program of activity which especially
emphasized endurance.
1 fiBrodtAO conducted an experiment in which six active 
adult males participated in a weight-lifting program. Ten 
adult males acted as a control group and did not participate 
in the program. The function of the experiment was to deter­
mine the effect of a weight-lifting program on cardiovascular 
efficiency. The results indicated that the, effects of weight­
lifting on cardiovascular condition were questionable and 
inconclusive.
Harrison'1'9 studied the effects of a swimming endurance
^7Edward K. Capen, "The Effect of Systematic Weight 
Training on Power, Strength, and Endurance," Research 
Quarterly. 31:83-93, May, 1950.
1®M. E. Brodt, "Changes in Physical Fitness Associated 
with Weight Lifting" (unpublished Master's thesis. University 
of Illinois, 1950).
■^A. B. Harrison, "The Effects of a Swimming Condition­
ing Program on Adult Men" (unpublished Master's thesis. 
University of Illinois, 1951).
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program on the physical status of eight adult men and re­
ported that, in general, there was an improvement in cardio­
vascular condition from participating in this program.
In a study of the effects of volleyball and calis­
thenics on the physical fitness of adult men, Hopkins^® 
concluded that the program (1) improved the resting cardio­
vascular condition; (2) did not increase cardiovascular
endurance; and (3) lowered the resting pulse rate.
*1 1Tuttle and Walker studied the effects of a season 
of training and competition on the response of the circula­
tory system of high school boys. The following findings 
were reported: (1) there was no significant change in the
resting heart rate, pulse rate immediately following exercise, 
rate above the resting rate after exercise, or primary re­
covery time; (2) the recovery pulse was less after the season, 
indicating that there was an improvement in physical con­
dition as shown by the fact that fewer heart beats were 
required in reaching the resting level; and (3) whenever the 
data showed trends toward altered cardiac response, it was 
always in favor of more efficient heart action.
20r . E. Hopkins, "The Effects of Volleyball and 
Calisthenics on the Physical Fitness of Adult Men" (unpub­
lished Master's thesis, University of Illinois, 1951).
W. Tuttle and F. H. Walker, "The Effects of a 
Season of Training and Competition on the Response of the 
Hearts of High School Boys," Research Quarterly, 37:326-31, 
December, 1940.
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22Boas investigated the effect of exhaustive exercise 
upon the individual. He studied the heart rates of twenty- 
seven boys, nine to fifteen years of age, who were told to 
run back and forth in a long corridor until they were nearly 
exhausted and then climb up and down a flight of stairs. The 
investigator found that the maximum heart rate during exer­
cise was 190 beats per minute, and that the rate remained 
> jher than the starting rate for almost an hour after the 
test.
23Kruzic used thirty-nine college women, nine of whom 
were swimmers, ten who were volleyball players, and twenty 
who were basketball players, between the ages of eighteen 
and twenty-five and found training in these activities over 
a five- to eight-week period contributed to the improvement 
of cardiovascular condition.
The effects of various methods of training on running
endurance tests and on a parallel battery of cardiovascular
24tests were investigated by Holmes. He attempted to find 
the most effective training method for improving fitness.
22Ernst Boas, "The Heart Rate of Boys During and 
After Exhausting Exercise," Journal of Clinical Investiga­
tion, 10:145-52, April, 1941.
22W. M. Kruzic, "The Effect of Selected Physical 
Education Activities on Cardiovascular Condition" (unpub­
lished Master's thesis. University of Illinois, 1948).
2^Richard A. Holmes, "The Effects of Various Methods 
of Training on Endurance and Cardiovascular Tests" (unpub­
lished Master's thesis. University of Illinois, 1958).
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The subjects were seventy-six boys from six to fifteen years 
of age. The boys were tested before and after a six weeks 
interval of endurance training. The battery of cardiovascu­
lar tests showed decreases in cardiovascular fitness for all
methods of training except muscular endurance training.
2 5In an investigation by Nagle and Irwin, two experi­
mental groups and one control group of twenty college fresh­
men in each group were tested on moderate and all-out 
exercise on a bicycle ergometer. Selected physiological 
responses and the circulorespiratory endurance times were 
measured. An eight-week training period followed during 
which the experimental groups participated in weight training 
programs, and the control subjects in archery or bait-casting. 
After training, the tests were again administered. Though 
there was an indication of improved circulorespiratory 
responses by the weight training groups following training, 
statistical treatment of the data revealed no significant 
differences among the three groups in their responses to 
exercise.
26Wilson studied circulatory reactions of normal 
children to graduated exercise. It was shown that normal
25prancis J. Nagle and Leslie W. Irwin, "Effects of 
Two Systems of Weight Training on Circulorespiratory 
Endurance and Related Physiological Factors," Research 
Quarterly, 31:606-15, December, 1960.
26M . g . Wilson, "The Circulatory Reactions to 
Graduate Exercise to Normal Children," American Journal of 
the Diseases of Children, 20:188-92, 1949.
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children improved their circulatory reactions through 
strenuous competitive running.
Thompson^ studied some physiological effects of 
isometric and isotonic work in adult males. The isometric 
work consisted of squeezing the grip dynamometer for one 
minute at maximum effort; isotonic work was a one-minute bout 
of exercise on a bicycle ergometer. It was found that the 
effects of the two types of exercise are different relative 
to their effects on blood pressure. The isometric work 
caused a sharp rise in both systolic and diastolic blood 
pressure but both returned quickly, or less than a minute, 
to the resting level. On the other hand, isotonic work 
caused a sharp rise in the systolic blood pressure which 
lasted longer than one minute and no significant rise was 
observed in diastolic blood pressure. The author suggested 
that the chief cause of blood pressure changes in isotonic 
work is chemical in nature while those involved in isometric 
work are reflexive.
Hup6^® investigated both training and diet on cardio­
vascular condition. The study was to determine which form of 
training (circuit training, muscular endurance exercise,
27ciem W. Thompson, "Some Physiologic Effects of 
Isometric and Isotonic Work in Man," Research Quarterly, 
25:476-82, December, 1954.
^8Andr6 Simeon Hup6, "The Effects of Training and 
Supplementary Diet on the Cardovascular Condition of Young 
Boys" (unpublished Master's thesis. University of Illinois, 
1958).
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internal training, steeplechase running) and which 
supplementary diet (wheat germ, wheat germ oil, wheat germ 
oil crystals, placebo) would produce more changes in the 
cardiovascular fitness of young boys. All the boys showed 
improvement in cardiovascular fitness, but steeplechase 
running had the highest gain and thus, seemed to have 
improved the condition of the boys more than did the other 
three forms of training.
I. SUMMARY OF RELATED LITERATURE
The majority of the studies reviewed indicated cardio­
vascular efficiency was improved through a variety of 
exercise programs, mostly involving strenuous large-muscle 
activity. There were a few studies which did not find any 
change as a result of exercise programs and two which 
reported that the effects of relatively mild activity, such 
as archery and bait casting did as well as the more vigorous 
types of training. There were contradictory results reported 
in regard to the value of strength-building exercises in 
cardiovascular efficiency development although one study 
found a significant relationship between strength and step 
test performance. The research which investigated the rela­
tionship of body weight to cardiovascular fitness also pro­
duced conflicting results. Two recent investigations showed 
isometric exercises to be of value in improving cardio­
vascular efficiency. Most of the studies utilized a step 
test as a means of measuring cardiovascular efficiency.
CHAPTER III
PROCEDURE FOR THE STUDY
I. INTRODUCTION
This study was conducted during the fourth six-weeks 
grading period of the 1964-1965 school year at Westlane Junior 
High School, Indianapolis, Indiana. The subjects were 120 
eighth grade girls enrolled in required physical education.
At the beginning of the esqperiment, the-subjects were classi­
fied as being overweight, average weight, or underweight in 
accordance with the Pryor Width-Weight Chart. In addition, 
all subjects were administered the modified Harvard Step 
Test. Based upon the results of the Step Test, the girls 
were given a cardiovascular efficiency score, ranked from 
high to low, and then divided into five groups of twenty-four 
subjects in each group. Each of these groups was randomly 
divided into an isometric and an isotonic group. In addition 
to the regular physical education activities, the isotonic 
groups performed a series of isotonic exercises each day of 
class, and the isometric groups performed a battery of iso­
metric exercises. This procedure was followed three days 
per week for six weeks. At the end of this period, the Step 
Test was readministered. A statistical comparison of the
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initial and final cardiovascular efficiency scores was used 
to establish the significance of the mean gains. The rela­
tive effect that each exercise program had on cardiovascular 
efficiency gains was then determined.
II. SUBJECTS
All of the girls were either thirteen or fourteen 
years of age at the time of the investigation. The age in 
years was recorded at the nearest' birthday.
At the beginning of the study there were 140 girls 
involved. Due to excessive absences, nine of the girls were 
eliminated from the study. Since the statistical procedure 
necessitated that all groups be equal in number, eleven 
other girls were randomly eliminated, leaving a total of 120 
subjects.
All of the subjects in the study were enrolled in a 
physical education class. As a result, their participation 
in the experiment was also part of the class requirement.
It was planned that if any girl or her parents had objected 
to taking part in the study, the girl would have been 
excused. However, this did not occur.
The girls were nearly equally divided among four 
physical education classes. Each class met on Monday, 
Wednesday, and Friday. The class periods were fifty minutes 
in length. Allowing time to dress and take attendance, each 
class had twenty-five to thirty minutes of activity.
III. TIME SCHEDULE
28
The actual training program for the study was con­
ducted during one six-weeks grading period. The testing was 
done the week before and the week after this period. The 
entire experiment, including testing, ran from February 12, 
1965, until April 9, 1965. The girls were measured with the 
calipers Friday, February 12, 1965. Those absent on that 
day were measured the following Monday. The Step Test was 
administered Monday, February 15, 1965, to all girls in 
attendance. Those not present on that date took the Step 
Test either Wednesday or Friday of that week. At the con­
clusion of the experiment, the Step Test was readministered 
on Monday, April 5, 1965. Make-ups and retests were com­
pleted during the next two class periods.
The actual exercise program began on February 22, 
1965, and ended April 2, 1965. The subjects participated in 
the exercise program every Monday, Wednesday, and Friday 
during this period with the exception of one day when school 
was dismissed because of heavy snow.
IV. TEST USED
There is considerable agreement among authorities on 
physiology of exercise that the pulse rate is a reliable
criterion for determining physical fitness.1,2,3 The test 
used in this investigation to determine cardiovascular effi­
ciency was the modified Harvard Step Test devised by Skubic 
and Hodgkins.^ It was their purpose to find a test of 
cardiovascular fitness for girls and women which could be 
quickly and easily administered. The Harvard Step Test was 
modified from a five-minute test to a three-minute test. An 
eighteen-inch bench was used instead of the twenty-inch 
bench for boys and men, and the cadence was reduced to 
twenty-four steps per minute for girls and women. The re­
search done by the authors involved trained and untrained 
girls, and active and sedentary women. The test was found 
to be both reliable and valid, and it clearly differentiated 
among females who were highly trained, those moderately 
active and those who were sedentary.
1Ellsworth B. Cook, USN and Robert J. Wherry, "A 
Statistical Evaluation of Physical Fitness Tests," Research 
Quarterly, 21:94-111, May, 1950.
2F. S. Cotton, "The Relation of Athletic Status to 
the Pulse Rate in Men and Women," Journal of Physiology, 
76:39-51, September, 1932.
^Kenneth Flanagan, "The Pulse Ratio Test as a Measure 
of Athletic Endurance in Sprint Running," Research Quarterly 
Supplement, 6:46-50, October, 1935.
^Vera Skubic and Jean Hodgkins, "Cardiovascular Effi­
ciency Test Scores for Girls and Women," Research Quarterly, 
34:191-98, May, 1963.
V. TESTING PROCEDURE
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Prior to any test being administered, each girl was 
weighed and measured for height. The weighing and height 
measurement was done by selected students who had been pre­
viously trained. Following this, the bi-iliac diameter and 
the lateral thoracic diameter were measured for each girl by 
this investigator. These measurements were done with wooden, 
straight-arm, sliding calipers in the manner described by
5
Pryor. (See Figures 1 and 2.)
In order to establish reliability in using the 
calipers, forty-six of the girls involved in the study were 
selected at random and measured during the week preceding 
the actual initial testing for the study. These measure­
ments were then correlated with measurements taken at the 
beginning of the experiment. The reliability coefficients 
for both the bi-iliac diameter and the lateral thoracic 
diameter measurements were .94, which demonstrated satis­
factory reliability.
For several days before the Step Test was administered, 
the subjects practiced counting the heart beats on each other 
at the carotid artery. During testing, each girl had two 
other girls count her pulse. The two counts were later com­
pared to check reliability. Each girl also practiced the 
Step Test for short periods in order to thoroughly understand
JPryor, loc. cit.
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Figure 1. Measurement of the Bi-iliac Diameter
Figure 2. Measurement of the Lateral Thoracic Diameter
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the manner of doing it and to become accustomed to the rhythm 
of the stepping. ,
On the day the Step Test was administered, the girls 
in each class were placed in groups of three and assigned to 
a bench. There were twelve or thirteen groups in each class; 
hence, twelve or thirteen girls taking the Step Test at the . 
same time. The benches were taken from the locker rooms and 
measured exactly eighteen inches in height.
One girl in each group of three stood in front of her 
bench ready to begin taking the test. The other two girls 
sat on the floor on either end of the bench and steadied it. 
On the signal to begin, each girl began stepping up and down 
on her bench. The rhythm of twenty-four steps per minute 
was maintained by means of an electric metronome. After the 
first minute of stepping had passed, the investigator began 
counting aloud each second while watching a large wall clock 
with a sweep second hand. The girls who were to count the 
pulse also watched the clock in case a girl was not able to 
complete the full three minutes. In these instances the 
girl's "counter" wrote down the position of the second hand 
when the subject stopped. The subject remained seated for 
one minute, then her pulse was counted for thirty seconds.
The procedure was the same for those completing the full 
three minutes except that the investigator announced when 
stepping should cease, and when the pulse counting should 
begin and end. The pulse count taken by each girl was
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recorded independently. The second girl in each group of 
three then prepared to take the test. This procedure was 
followed until each girl had been tested.
In cases where the pulse rates recorded by the two 
counters for any subject were not the same, the investigator 
averaged the two counts if they varied five beats or less.
If the variance was more than five, the girl repeated the 
test two days later. At the conclusion of the experiment, 
all girls were retested in the same manner.
VI. THE EXPERIMENTAL GROUPS
Using the formula and the table of recovery pulse
g
rates devised by Skubic and Hodgkins, each girl received a 
cardiovascular efficiency score and rating. The cardio­
vascular efficiency scores were then ranked from high to low. 
The total number of girls was divided into five equal groups 
of twenty-four girls each.
Group 1 consisted of the girls with the lowest (and 
thus poorest) cardiovascular efficiency scores; Group 2 had 
the next to lowest scores; Group 3 had the middle scores; 
Group 4 consisted of the next to highest cardiovascular 
efficiency scores; and Group 5 had the highest scores.
Each of these five groups was then divided at random
^Vera Skubic and Jean Hodgkins, "Cardiovascular Effi­
ciency Test Scores for Junior and Senior High School Girls 
in the United States," Research Quarterly, 35:184-92, May,
1964.
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into an isometric group and an isotonic group. Therefore, 
for each of the five groups assigned according to initial 
cardiovascular efficiency scores, half of the subjects were 
given isometric exercises and half received isotonic exer­
cises .
The exercise program lasted for a period of six weeks. 
The girls met three times a week during this period. With 
one day missed because of snow, there were seventeen days of 
exercises. At the beginning of each class period, each 
girl reported to her assigned group of either isometric 
exercises or isotonic endurance exercises.
VII. ISOMETRIC EXERCISE PROGRAM
The isometric group performed seven exercises, six of 
them using the "isometric desk exerciser."* These exercises, 
all done from a sitting position, were performed as follows:
1. Isometric Exercise for abdominal and chest 
muscles. The strap was placed across the middle of the 
back, and the subject pushed forward with the hands.
The abdominal muscles were contracted as hard as possible 
while the subject pushed on the bars (Figure 3).
2. Isometric Exercise for leg extensor muscles. The 
feet were placed on one bar with the other bar on the 
front of the hips. The knees were bent at a 45 degree
♦"Isometric Desk Exerciser," Trim Line Products, 
Marion, Indiana.
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Figure 3. Isometric Exercise for the Abdominal
and Chest Muscles
Figure 4. Isometric Exercise for Leg Extensor Muscles
36
angle with the feet raised about one inch off the 
floor. The subject then pushed with her legs and 
pulled with her hands as hard as possible (Figure 4).
3. Isometric Exercise for chest and shoulder 
muscles. The strap was folded so that it was about 
one-half the maximum length. The arms were crossed in 
front of the chest, and the girls attempted to push 
the hands apart (Figure 5).
4. Isometric Exercise for upper back and shoulder 
muscles. The straps were folded to about one-half the 
maximum length with bars held in front of the chest.
The girl attempted to pull the hands apart keeping the 
arms perpendicular to the floor (Figure 6).
5. Isometric Exercise for arm flexor muscles. The 
feet were placed on one bar. The hands grasped the 
other bar with the palms up and pulled upward as hard 
as possible (Figure 7).
Isometric Exercise for arm and shoulder muscles. 
One bar was placed across the upper part of the back.
The straps passed under the shoulders to the front of 
the body where the subject held the other bar. The 
girl then pushed upward and forward as in the press 
exercise with weights (Figure 8).
The seventh exercise was the "dead lift" which was 
done with another piece of equipment. This exercise was done 
with two bars and a belt, called an "Iso-Kit," a gauge, and
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Figure 5. Isometric Exercise for the Chest 
and Shoulder Muscles
Figure 6. Isometric Exercise for the Upper Back
and Shoulder Muscles
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Figure 8. Isometric Exercise for the Arm 
and Shoulder Muscles
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a platform. The equipment is shown in Figure 9. One bar 
was inserted in a loop of the belt under the platform and 
secured in grooves on the sides of the platform. The belt 
ran upward through a hole in the top of the platform. The 
subject stood on the platform and inserted the other bar in 
the loop best suited for her height. The elbows were kept 
straight and the back was inclined forward at about a 45 
degree angle with the floor. The knees were also bent at 
approximately a 135 degree angle. The subject then pulled 
upward as hard as possible using the arms, back, and leg 
muscles (Figure 10).
Four of these platforms were built by this investi­
gator. A belt, gauge, and bars were attached to each plat­
form, making a permanent testing station. The platforms 
were numbered, and each girl was assigned to exercise at a 
specific station. The only adjustment needed was to insert 
the top bar in a numbered loop of the belt for each individ­
ual in accordance with her height. Since the initial 
assignment of subjects to the platforms was done according 
to the subjects' height, the number of adjustments was kept 
to a minimum. Each girl recorded her loop number for the 
exercise, which further reduced any unnecessary time needed 
for finding the proper height for each individual each 
exercise session.
One reason for using these platforms was the stability 
it provided, making it easier for the girls to exercise and
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Figure 9. Platform and Belt, Bars and Gauge 
Comprising the Iso-Kit
Figure 10. Isometric Dead Lift Exercise and Testing
Position Using Iso-Kit
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to be tested, rather than having them stand on the bottom 
bar. In addition, it was felt that this would act as moti­
vation. In previous studies it has been shown that knowledge 
of results has great motivating value, especially for iso­
metric exercises.^ The gauge on the belt made it possible 
for each girl to record her total pounds of pull each day, 
and thus, each girl could tell if she were improving.
There was an isometric desk exerciser assigned for 
every two girls. Thus one girl assisted the other while she 
exercised and then they would exchange places. For all seven 
exercises the girls used a ten-second contraction. In the 
first three or four seconds, the subject began a gradual but 
steady pull or push until she reached the maximum exertion 
which she attempted to hold for the remaining seconds. The 
seconds were counted aloud by the girl's partner who shared 
the equipment with her.
VIII. ISOTONIC EXERCISE PROGRAM
For the isotonic group there were three exercises.
The first was to do as many squat thrusts as possible in 
fifteen seconds. The squat thrust exercise was done in the 
following manner: from a standing position with arms hanging
down at the sides, on the first count the subject assumed the
7Norman A. Marcel, "The Effect of Knowledge of Results 
as Motivation on Physical Performance" (unpublished Research 
Study Conducted at Louisiana State University, December,
1961).
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squat position with hands on the floor outside of, and 
slightly ahead of the feet; on the count of two the legs 
were thrust backwards and fully extended while supporting 
the upper body's weight on the hands, thus assuming the 
front-leaning-rest position; on the third count the subject 
moved quickly back to the squat position; and on the fourth 
count stood erect. This series of moves was done as fast as 
possible, yet it was stressed to the subject that each move­
ment was distinct, and that none of the positions were by­
passed. Each series of the four positions were counted as 
one, and each specific position as one quarter. Therefore 
the subject's score might be ten and one-half or eleven and 
three-quarters, etc.
For the second exercise, the girls ran in place as 
rapidly as possible for ten seconds, rested ten seconds, ran 
again for ten seconds, rested for ten seconds, then ran the 
third time for ten seconds. In this exercise the subjects 
barely raised the feet off the floor, thereby equalizing the 
height of the strides and also allowing maximum speed of 
movement. The third exercise was a form of the "jung? and 
reach." Each girl stood with one side to the wall and 
reached upward with one hand as far as possible. A line ten 
inches above each girl's reach was drawn on the wall. The 
girls jumped fifty times in succession touching this line 
ten inches above their standing reach.
The totals for the first two exercises were recorded
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once each week for each girl in order to show improvement 
and serve as motivation- For all three exercises the girls 
worked in pairs, one counting for the other.
Each day after the girls finished their exercises, 
they participated in the regular physical education activi­
ties. In order to make the investigation more reliable, the 
girls did not engage in any running, jumping, or otherwise 
strenuous activities while in class. Their class activity 
for the six weeks consisted of learning the basic skills 
needed for tennis, archery, and softball in preparation for 
outside activity in the spring.
IX. CLASSIFICATION BY WEIGHT
After the initial measurements of height, weight, bi- 
iliac diameter and lateral thoracic diameter were taken, and 
age recorded, each girl was classified according to the 
Pryor Width-Weight Chart. A reproduction of the tables is 
shown in the Appendix. The tables were used as follows:
1. For each girl, the investigator decided whether 
the subject's chest was narrow, medium, or wide by consulting 
the chest measurements shown at the top of the table for that 
age and sex.
2. After determining the proper chest-width table, 
the appropriate weight in pounds for the girl was found under 
the bi-iliac diameter measurement and opposite the height 
measurement for that individual. In this way, body build is 
taken into consideration.
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For example: a thirteen-year-old girl with a thoracic
lateral width measurement of 25.6 centimeters is considered 
to have a broad chest (according to the table). If the 
subject is 59 inches tall and her bi-iliac diameter measure­
ment is 24.7, by consulting the "Broad Chest" table and 
locating the girl's height and bi-iliac diameter, the correct 
weight for this girl is found to be 92 pounds. If the same 
girl had had a narrow chest, for example, 20.9 centimeters, 
the appropriate weight would be only 78 pounds.
It was decided that girls who were within five pounds 
either way of their appropriate weight would be classified 
as being average weight. Those more than five pounds over 
the normal weight for their body size were designated as over 
weight and conversely, those girls weighing more than five 
pounds below were classified as being underweight.
For purposes of the statistical analysis, the amount 
of deviation from recommended weight was converted to per­
centage of overweight or underweight.
X. STATISTICAL ANALYSIS
The following statistical computations were made in 
analyzing the data:
1. The mean gains on cardiovascular efficiency scores 
were computed and tested for significance using the formula
Q
Pryor, oj>. cit«, , p. 2.
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Q
for t-test for correlated groups as presented in Garrett.
This was done for each exercise group and for each subgroup 
classified according to initial cardiovascular efficiency 
scores and by body weight classifications.
2. In cases where significant gains were found, 
analysis of covariance was employed to determine whether 
there was a significant difference between the effects of the 
two exercise programs.
3. The coefficients of correlation were also computed 
using the product-moment method to further determine the 
effects of each exercise program on cardiovascular efficiency 
and the relationship of body weight to step test performance.
^Henry E. Garrett, Statistics in Psychology and Educa­
tion (New York: Longmans, Green and Company, 5th edition,
1958), pp. 227-28.
CHAPTER IV
PRESENTATION AND ANALYSIS OP DATA
I. COMPARISON OP THE EFFECTS OF ISOMETRIC 
WITH ISOTONIC EXERCISES
In establishing the significance of the mean gains in 
cardiovascular efficiency scores for the isometric exercise 
group and for the isotonic exercise group, t-tests were com­
puted. The results of these comparisons are presented in 
Table I.
TABLE I
DIFFERENCES BETWEEN MEANS OF INITIAL AND FINAL CARDIOVASCULAR 
EFFICIENCY SCORES OF JUNIOR HIGH SCHOOL GIRLS FOR THE 
ISOMETRIC AND ISOTONIC EXERCISE GROUPS
Groups N
Initial
Mean
Final Mean 
Mean Diff.
SE
Diff. t P
Isometric 60 52.7 54.7 2.0 .83 2.41 .05
Isotonic 60 53.5 55.3 1.8 1.19 1.51 NS
t needed at .05 level, 2.00
t needed at .01 level, 2.66
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It can be seen that the t-ratio resulting from the 
comparison of the initial and final cardiovascular efficiency 
scores for the isometric group was 2.41. The t-ratios needed 
for significance were 2.00 at the .05 level of probability 
and 2.66 at the .01 level. Since the t-score of 2.41 was 
above that needed for the .05 level, it may be said that 
isometric exercises were effective in improving cardiovascu­
lar efficiency of the sixty girls comprising the isometric 
exercise group.
The computed t-ratio for the isotonic group was 1.51 
which was below that needed for the .05 level of probability. 
Thus, when considering the total group of subjects who were 
in the isotomic exercise program, it was found that isotonic 
exercises were not effective in improving cardiovascular 
efficiency as measured by the Step Test.
Comparison of Isometric Exercises with 
Isotonic Exercises by Covariance
An analysis of covariance was used to determine if 
there was a significant difference in the mean scores between 
the two groups on the cardiovascular efficiency test. The 
analysis of covariance is an extension of the analysis of 
variance and is a means of matching groups statistically.
It is used when there is a definite correlation between 
initial status and gain. It makes an adjustment for the 
effects that the initial scores may have had on the final 
scores. With two groups only, as in this study, the F-test
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in the analysis of covariance may be interpreted the same as 
the t-test. The difference between the two statistical 
methods is that the t-test does not take into account the 
effect of initial status on the final scores.
The results of the analysis of covariance are shown 
in Table II.
TABLE II
ANALYSIS OP COVARIANCE FOR THE ISOMETRIC 
AND ISOTONIC TEST SCORES
Source of Corrected Mean p p
Variation SS Squares
0 1 0 0 NS
5.939 117 50.76
5.939 118
F-ratio needed at .05 level, 3-93
F-ratio needed at .01 level, 6.86
To reach significance an F-ratio of 3.93 was required 
for the .05 level of probability and an F-ratio of 6.86 was 
needed for the .01 level. In Table I it is shown that the 
isometric group's gain was higher than that of the isotonic 
group. However, when the final scores were corrected by co- 
variance, it was found that there was no real difference 
between the groups; thus, the between sum of squares was
Between
Within
Total
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zero and obviously not significant. Therefore, even though 
the isometric exercise group gained significantly, the gain 
was not enough to show a significant difference between the 
subjects given the isometric exercises and the subjects of 
the isotonic group.
II. ANALYSIS OF GAINS IN CARDIOVASCULAR EFFICIENCY SCORES 
FOR SUBJECTS CLASSIFIED ACCORDING TO 
INITIAL CARDIOVASCULAR EFFICIENCY
Based upon initial cardiovascular efficiency scores, 
the total group of 120 subjects was divided into five equal 
groups. Group 1 consisted of the twenty-four girls with the 
lowest initial cardiovascular efficiency scores; the subjects 
in Group 2 had the next to lowest initial scores; Group 3 
was composed of the middle twenty-four initial scores; Group 
4 had the next to highest twenty-four initial cardiovascular 
efficiency scores; and Group 5 was comprised of the twenty- 
four subjects having the highest initial step test scores.
Each of these five groups was then divided at random 
into an isometric group and an isotonic group. Thus, for 
each of the five groups, assigned according to initial 
cardiovascular efficiency scores, half, or twelve of the 
subjects were assigned to the isometric exercise group and 
half, or twelve, were assigned to the isotonic exercise group.
In order to establish the significance of the mean 
differences in cardiovascular efficiency scores for each of 
these ten groups, t-tests were computed to compare their
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initial and final cardiovascular efficiency scores. These 
data are shown in Table III.
Three of the groups had t-ratios high enough to be 
significant. All three groups were composed of subjects 
participating in isotonic exercises. The subjects lowest in 
initial cardiovascular efficiency assigned to the isotonic 
exercise group had a t-ratio of 3.07, which exceeded the t 
of 2.20 needed for significance at the .05 level. Prom this, 
it can be stated that isotonic exercises significantly im­
proved the Step Test performance of those subjects of lowest 
initial cardiovascular efficiency.
The isotonic group composed of the subjects classified 
as next to lowest cardiovascular efficiency had a t-ratio of 
3.74, which was significant at the .01 level of probability. 
Again, this indicated that isotonic exercises significantly 
improved performance in subjects of low initial cardio­
vascular efficiency.
A t-ratio of -2.49 was found for the isotonic group 
having the highest initial cardiovascular efficiency.
Although this t-ratio was significant at the .05 level, it 
was a negative gain indicating that the subjects in this 
group experienced a significant loss in cardiovascular 
efficiency as measured by the modified Harvard Step Test.
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TABLE III
DIFFERENCES BETWEEN MEANS OF INITIAL TEST AND 
FINAL TEST CARDIOVASCULAR EFFICIENCY 
SCORES FOR ISOTONIC AND ISOMETRIC 
EXERCISE GROUPS OF VARYING 
INITIAL CARDIOVASCULAR 
EFFICIENCY
Group N InitialMean
Final
Mean
Mean
Diff.
SE
Diff. t P
Isotonic 
Lowest CVE 12 43.4 . 50.7 7.3 2.38 3.07 .05
Isotonic 
Next to 
Lowest CVE 12 47.8 52.4 4.6 1.23 3.74 .01
Isotonic 
Middle CVE 12 52.0 56.4 4.4 2.01 2.19 NS
Isotonic 
Next to 
Highest CVE 12 55.5 56.3 .8 1.81 .44 NS
Isotonic 
Highest CVE 12 68.9 60.9 -8.0 3.21 -2.49 .05
Isometric 
Lowest CVE 12 42.4 46.6 4.2 1.98 2.12 NS
Isometric 
Next to 
Lowest CVE 12 47.8 50.1 2.3 1.35 1.70 NS
Isometric 
Middle CVE 12 52.1 54.8 2.7 1.52 1.78 NS
Isometric 
Next to 
Highest CVE 12 55.8 58.1 2.3 1.76 1.31 NS
Isometric 
Highest CVE 12 65.2 63.7 -1.5 2.39 - .64 NS
t needed at .05 level, 2.20 
t needed at .01 level, 3.11
Comparison of the Effects of the Two Exercise
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Programs for Subjects Having the Lowest Initial 
Cardiovascular Efficiency Scores
In order to provide greater insight into the compara­
tive effects of isometric and isotonic exercises, analysis 
of covariance was utilized to determine if there were 
significant differences between the two exercise programs 
in the development of cardiovascular efficiency in those 
cases where significant gains were found.
The results of the analysis of covariance for the 
twenty-four subjects having the lowest initial cardiovascular 
efficiency is shown in Table IV.
TABLE IV
ANALYSIS OP COVARIANCE FOR CARDIOVASCULAR EFFICIENCY 
SCORES OF THE TWENTY-FOUR SUBJECTS HAVING THE 
LOWEST INITIAL CARDIOVASCULAR 
EFFICIENCY SCORES
Source of 
Variation
Corrected
SS df
Mean
Squares F P
Between 271 1 271.00 5.38 .05
Within 1,057 21 50.33
Total 1.328 22
Corrected Means
Isometric Group............................... ~  . 46.9
Isotonic Group ..................................... 50.3
F-ratio needed at .05 level, 4.32 
F-ratio needed at .01 level, 8.02
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F-ratios of 4.32 and 8.02 were required for signifi­
cance at the .05 and .01 levels of confidence respectively. 
The F-ratio of 5.38 revealed significance at the .05 level. 
Continuing with the analysis to determine which of the forms 
of exercise was better, the adjusted means were determined 
for each group. These are also shown in Table IV. The 
corrected mean for the isometric group was 46.9; for the 
isotonic group, the corrected mean was 50.3. Consequently, 
isotonic exercises were superior to isometric exercises in 
developing cardiovascular efficiency for the subjects of 
lowest initial status.
Comparison of the Effects of the Two Exercise 
Programs for Subjects Having the Next to Lowest 
Cardiovascular Efficiency Scores
Since a significant improvement was found for the 
isotonic exercise group, comprised of subjects of next to 
lowest initial Cardiovascular fitness, analysis of covariance 
was again employed to compare the effects of the two exercise 
programs. This is shown in Table V. The resulting F-ratio 
of 1.50 was below the F of 4.32 needed to be significant at 
the .05 level of probability. Therefore, no significant 
difference was indicated between the effects of the iso­
metric and isotonic exercises for these subjects, even though 
the isotonic group had shown significant improvement and the 
group of isometric subjects had not.
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TABLE V
ANALYSIS OP COVARIANCE FOR THE CARDIOVASCULAR EFFICIENCY 
SCORES OF THE TWENTY-FOUR SUBJECTS HAVING THE 
NEXT TO LOWEST INITIAL CARDIOVASCULAR
EFFICIENCY
Source of Corrected Mean
Variation SS Squares F
Between 33.00 1 33 1.50 NS
Within 461.89 21 21.99
Total 494.89 22  _ _ _ _ _ _ _ ________
F-ratio needed at .05 level, 4.32 
F-ratio needed at .01 level, 8.02
Comparison of the Effects of the Two Exercise 
Programs for the Forty-Eight Subjects Having 
Lowest Cardiovascular Efficience Scores
In the preceding two tables, comparisons were made 
between the two programs of exercise for subjects of lowest 
(Table IV) and next to lowest (Table V) cardiovascular fit­
ness. The first comparison indicated isotonic exercises to 
be superior to an isometric program, whereas the second 
conparison failed to reveal a significant difference. Since 
both of the isotonic groups had shown significant improvement 
and the isometric groups had not, it was decided to combine 
the groups and conpare the exercise programs. This was done 
to see if any generalization could be made concerning the
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benefits of isotonic exercises over that of isometric exer­
cises for subjects of low initial cardiovascular efficiency. 
Table VI shows the P-ratio of 2.54 which did not reach 
significance at the .05 level of probability. Therefore, it 
is evident that although isotonic exercises produced signifi­
cant gains in subjects of low initial cardiovascular fitness, 
when the two lowest classifications were combined, the 
improvement was not of sufficient magnitude to be signifi­
cantly better than the performance of the twenty-four 
subjects of similar initial status who trained isometrically.
TABLE VI
ANALYSIS OF COVARIANCE OP CARDIOVASCULAR EFFICIENCY 
SCORES OF THE FORTY-EIGHT JUNIOR HIGH SCHOOL 
GIRLS HAVING LOWEST INITIAL 
CARDIOVASCULAR EFFICIENCY
Source of 
Variation
Corrected
SS df
Mean
Squares F P
Between 99 1 99 2.54 NS
Within 1,753 45 38.96
Total 1,852 46
F-ratio needed at .05 level, 4.06
F-ratio needed at .01 level, 7.23
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Comparison of the Effects of the Two Exercise 
Programs for Subjects Having the Highest 
Cardiovascular Efficiency Scores
In the t-tests, the subjects in the isotonic group 
who possessed highest initial cardiovascular fitness scores 
had shown a significant decrease in performance. The two 
programs were thus compared by analysis of covariance and 
the results are shown in Table VII. The P-ratios required 
for significance were 4.32 and 8.02 for the .05 level of 
probability and the .01 level, respectively. The computed 
F-ratio of 7.54 was found to be significant beyond the .05 
level of probability. When the final means were adjusted, 
the isometric group showed a mean of 65.13, and the corrected 
mean of the isotonic group was 59.44, which indicated that 
the isotonic group's scores were much below that of the 
isometric exercise group. It should be pointed out that the 
performance of the isometric subjects in this classification 
was slightly poorer at the end of the study than in the 
beginning (a negative gain of 1.5), but it was not signifi­
cant.
Although there was no apparent explanation for this 
finding, the interpretation would be that the isotonic exer­
cise program brought about significantly poorer cardio­
vascular efficiency performance for subjects of highest 
initial fitness than did the isometric exercise program; or, 
stated another way, the isometric program did not produce
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any change in cardiovascular fitness for the person of high 
initial status,whereas, the isotonic program had a detri­
mental effect on the subjects in this classification.
TABLE VII
ANALYSIS OP COVARIANCE OP CARDIOVASCULAR EFFICIENCY 
SCORES OP THE TWENTY-POUR SUBJECTS HAVING HIGHEST 
INITIAL CARDIOVASCULAR EFFICIENCY SCORES
Source of 
Variation
Corrected
SS df
Mean
Squares F P
Between 730 1 730 7.54 .05
Within 2, 032 21 96.76
Total 2,762 22
Corrected Means 
Isometric Group, 
Isotonic Group ,
65.13
59.44
F-ratio needed at .05 level, 4.32 
F-ratio needed at .01 level, 8.02
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Comparison of the Effects of the Two Exercise 
Programs for the Forty-Eight Subjects Having 
the Two Highest Cardiovascular Efficiency Scores
As seen in Table III, neither exercise program pro­
duced any significant change in cardiovascular fitness for 
subjects in the next to highest initial score classification. 
However, the subjects in the isotonic exercise program in 
this category had an observed difference in initial and 
final mean scores of only .8 and the isometric group's gain 
was a positive 2.3. It was therefore decided to combine 
the subjects in the two highest classifications and conqpare 
the effects of the two programs to see if the isotonic exer­
cises did result in significantly poorer performance for 
subjects of high initial cardiovascular efficiency. The 
comparison is shown in Table VIII.
It can be seen that even though a significant differ­
ence was found between the exercise programs for subjects of 
highest initial classification, when these subjects were com­
bined with those in the next to highest category, no signifi­
cant difference was obtained. The P-ratio of 1.89 was con­
siderably below the F of 4.06 needed to demonstrate 
significance at the .05 level of probability. Therefore, it 
can be stated that there was no significant difference 
between the effects of isometric and isotonic exercises for 
the subjects in the two highest classifications of initial 
cardiovascular efficiency.
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TABLE VIII
ANALYSIS OF COVARIANCE OF CARDIOVASCULAR EFFICIENCY 
SCORES FOR THE FORTY-EIGHT JUNIOR HIGH SCHOOL 
GIRLS OF HIGHEST INITIAL CARDIOVASCULAR
EFFICIENCY
Source of Corrected Mean _ p
Variation SS Squares
128 1 128 1.89 NS
3,043 45 67.6
3,171 46
F-ratio needed at .05 level, 4.06 
F-ratio needed at .01 level, 7.23
III. RELATIONSHIP OF INITIAL CARDIOVASCULAR FITNESS WITH 
CARDIOVASCULAR EFFICIENCY SCORE GAINS 
MADE IN THE TWO EXERCISE PROGRAMS
This analysis was to determine if there were any 
apparent, over-all trend, or regression line, which would 
show whether the type of exercise program had different 
effects on subjects in accordance with their initial cardio­
vascular efficiency. A coefficient of correlation between 
initial status and gain was computed first for the total 
group; then for the isometric group; and then for the iso­
tonic group. The data are shown in Table IX.
For the total group, an r of -.48 was found, which 
was far beyond that needed for significance at the .01 level 
of confidence. This high correlation between status and
Between
Within
Total
TABLE IX
COEFFICIENTS OF CORRELATION OF INITIAL CARDIOVASCULAR EFFICIENCY SCORES WITH 
GAINS IN CARDIOVASCULAR EFFICIENCY SCORES FOR THE TOTAL GROUP,
THE ISOMETRIC GROUP, AND THE ISOTONIC GROUP
Groups
Mean of 
Initial 
CVE Scores
Mean of 
Gains 
in CVE
df r P Regression 
Coeff.
Variation
Percentage
Total Group 53.1 1.9 118 -.48 .01 -.44 .23
Isometric Group 52.7 2.0 58 -.26 .05 -.27 .07
Isotonic Group 53.5 1.8 58 -.54 .01 -.40 .29
For total group: r needed at .05 level for 118 df, .175
r needed at .01 level for 118 df, .230
For each exercise group: r needed at .05 level for 58 df, .253
r needed at .01 level for 58 df, .333
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gain was the justification for using covariance in the 
analysis of the data. The regression coefficient of -.44 
indicated that for a rise of one unit in cardiovascular 
efficiency initial score, there was a negative gain of -.44. 
The variation percentage means that twenty-three per cent of 
the gain made was attributed to the initial status in cardio­
vascular efficiency.
For the isometric group, the coefficient of correla­
tion was -.26, which was significant at the .05 level. This 
group had a regression coefficient of -.27, indicating that 
for a rise of one unit in initial cardiovascular efficiency 
score, there was a corresponding decrease in performance at 
the end of the program of -.27. The variation percentage 
indicates that only seven per cent of the gain was due to 
initial level of cardiovascular efficiency.
The isotonic group had an r of -.54 which far exceeded 
that needed for significance at the .01 level. The regression 
coefficient was -.40, and the variation percentage was .29. 
Thus, twenty-nine per cent of the gain for the isotonic group 
was due to initial status.
In all of the computed correlations, it was seen that 
a negative relationship existed between initial fitness and 
gains. This relationship was most pronounced in the isotonic 
group, where evidently the exercises were quite beneficial 
to initially low cardiovascular efficiency performers, and 
yet, not of any significant value, even deleterious, to the
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subjects possessing a high degree of cardiovascular fitness 
at the onset of the investigation.
IV. RELATIONSHIP OF CARDIOVASCULAR EFFICIENCY 
PERFORMANCE WITH BODY WEIGHT 
CLASSIFICATIONS
In keeping with one of the purposes of the study, the 
relationship of body weight and cardiovascular efficiency 
was analyzed in an effort to determine the possible influ­
ence that each type of exercise might have on persons of 
different body build. Using the Pryor Width-Weight Tables, 
it was first determined how much each girl should weigh for 
her particular body build. If the girl deviated from her 
recommended weight, the amount of deviation was recorded in 
percentage of overweight or underweight.
The first correlation was between initial cardio­
vascular efficiency and body weight for all the subjects. 
This was done to see if the same relationship would exist as 
found in Abdo's1 study in which she found a high negative 
correlation between step test performance and body weight in 
college women. The coefficient of correlation obtained in 
this study was -.16, which is shown in Table X. A correla­
tion of .18 was needed for significance at the .05 level of 
probability; hence, the r of -.16 did not quite reach 
significance, although the direction of the correlation was
^Abdo, loc. cit.
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the same as in Abdo's study. This finding will be discussed 
in more detail in Chapter V.
TABLE X
COEFFICIENT OF CORRELATION OF INITIAL 
CARDIOVASCULAR EFFICIENCY AND BODY 
WEIGHT FOR THE TOTAL GROUP
Mean of Initial Mean Weight p
CVE Scores Difference
53.10 5.34 -.16 NS
r needed at .05 level, .180 
r needed at .01 level, .246
A second correlation was computed between Step Test 
score gains and body weight for the sixty subjects in the 
isometric program. In Table XI, the resulting coefficient 
of correlation of -.19 is presented. To be significant, 
with fifty-eight degrees of freedom, an r of .255 was needed.
Also shown in Table XI is the correlation between gain 
in cardiovascular efficiency scores and body weight for the 
isotonic subjects. This correlation was found to be .04 
which, obviously, was also not significant. Consequently, 
for all three correlations the null hypothesis was accepted.
From these results, it would appear that there is no 
relationship between the step test performance of junior high
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school girls and body weight, nor is there any particular 
effect of a program of isometric exercises or a program of 
isotonic exercises on cardiovascular fitness development 
when considered in terms of body weight.
TABLE XI
COEFFICIENT OF CORRELATION OF THE GAINS IN 
CARDIOVASCULAR EFFICIENCY SCORES AND 
BODY WEIGHT OF THE ISOTONIC 
AND ISOMETRIC SUBJECTS
_ , . . Mean of Gains Mean Weight
Subjects in CVE Scorea Difference r p
Isometric 1.98 5.80 -.19 NS
Isotonic 1.83 4.88 .04 NS
r needed at .05 level, .255 
r needed at .01 level, .331
Analysis of Gains Made in Cardiovascular Efficiency 
for Subjects Classified into Three Categories;
Underweight, Average Weight, and Overweight
One further analysis of data was made in which the 
subjects were classified as being underweight, average 
weight, or overweight. The Pryor Width-Weight Chart was 
again used, with the criteria for average weight being the 
recommended weight plus or minus five pounds. Those subjects 
more than five pounds over the average weight for body size 
were classified as overweight, and those more than five
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pounds below the average weight were classified as being 
underweight. Then, within each of the weight classifications, 
the subjects who had performed the isometric exercises were 
separated from those girls who had been in the isotonic exer­
cise program for comparison of the exercise programs. For 
each of the six subgroups, t-tests were computed to compare 
initial and final cardiovascular efficiency scores to 
establish whether significant gains were made (Table XII).
Only two of the six groups had significant gains.
One group was composed of subjects of average weight who had 
trained with isometric exercises, and the other group was 
comprised of subjects of average weight who had performed 
isotonic exercises.
The average weight isotonic group had a t-ratio of 
2.39 which exceeded the 2.11 needed for significance at the 
.05 level; a t-ratio of 2.29 was found for the average weight 
isometric group, which also was significant at the .05 level. 
Therefore, both isometric and isotonic exercises signifi­
cantly improved the cardiovascular efficiency of subjects 
classified as being of average weight.
Comparison of the Effects of the Two Exercise 
Programs in the Development of Cardiovascular 
Efficiency for Average Weight Subjects
An analysis of covariance was used to determine if 
there was a significant difference between the effectiveness 
of isotonic and isometric exercises for the average weight
TABLE XII
DIFFERENCES BETWEEN MEANS OF INITIAL TEST AND FINAL TEST CARDIOVASCULAR 
EFFICIENCY SCORES FOR ISOTONIC AND ISOMETRIC EXERCISE 
GROUPS OF VARYING WEIGHT CLASSIFICATIONS
„ „ Initial Final Mean SE . _ t Needed t Needed
GrouP N Mean Mean Diff. Diff. * P .05 .01
Underweight
Isotonic 13 61.8 60.4 -1.4 3.18 -.44 NS 2.18 3.06
Average Weight
Isotonic 18 52.4 57.1 4.7 1.97 2.39 .05 2.11 2.90
Overweight
Isotonic 29 50.5 52.0 1.5 1.51 .99 NS 2.05 2.76
Underweight
Isometric 9 56.7 57.7 1.0 3.02 .33 NS 2.31 3.36
Average Weight
Isometric 26 52.4 55.5 3.1 1.35 2.29 .05 2.06 2.79
!
Overweight
Isometric 25 51.5 52.7 1.2 1.07 1.12 NS 2.06 2.80
subjects. In Table XIII, the F-ratio of .53 is seen to be 
considerably below that needed for significance at the .05 
level of probability, indicating that there was no signifi­
cant difference between the effectiveness of the two exercise 
programs.
TABLE XIII
ANALYSIS OF COVARIANCE OF THE ISOTONIC 
AND ISOMETRIC EXERCISES OF THE 
AVERAGE WEIGHT SUBJECTS
Source of 
Variation
Corrected
SS df
Mean
Squares F P
Between 28 1 28.00 53 NS
Within 2,166 41 52.83
Total 2,194 42
F-ratio needed at .05 level, 4.08 
F-ratio needed at .01 level, 7.29
CHAPTER V
SUMMARY, FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS
I. SUMMARY
The purposes of this study v.ere to determine the 
comparative effectiveness of isometric exercises and iso­
tonic endurance exercises in improving cardiovascular 
efficiency of eighth grade girls. The comparison of the two 
exercise programs was further analyzed on the basis of the 
girls' initial cardiovascular efficiency classifications; 
and finally, to determine whether isometric exercises or 
isotonic endurance exercises were more beneficial in improv­
ing cardiovascular efficiency of eighth grade girls when 
classified according to body weight.
The subjects involved in this study were 120 eighth 
grade girls enrolled at Westlane Junior High School, 
Indianapolis, Indiana.
At the beginning of the investigation, the subjects 
were measured for height, weight, chest width, and hip width 
as indicated in the Pryor Width-Weight Chart.
The modified Harvard Step Test was also administered 
to all subjects at the beginning of the investigation.
Based upon their cardiovascular efficiency scores, the girls
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were ranked from high to low, and then divided into five 
equal groups. Each of these groups was then divided at 
random into two subgroups: an isometric exercise group and
an isotonic exercise group. Prior to the regular physical 
education activities each day of class, the isotonic exer­
cise groups performed a series of isotonic exercises, and 
the isometric exercise groups performed selected isometric 
exercises. This procedure was followed three days per week 
for six weeks. At the end of the six-week period, the Step 
Test was readministered.
The data were analyzed by means of the t-test for 
correlated means to establish the significance of the mean 
gains in cardiovascular efficiency scores from the initial 
to the final tests for each exercise group and subgroup 
classified according to initial cardiovascular fitness 
status and body weight. Where significant t-scores were 
found, analysiis of covariance was used to compare the effects 
of the two exercise programs.
The product-moment method of correlation was employed 
to analyze the relationships between initial cardiovascular 
fitness and amount of improvement made; the relationship 
between type of exercise program and step test performance 
of subjects when classified according to initial cardio­
vascular fitness; the correlation between body weight and 
step test performance and the relationship between type of 
exercise program and cardiovascular efficiency development 
of subjects classified in terms of body weight.
II. FINDINGS
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The findings of this study were as follows:
1. In the analyses of the total group, the subjects 
performing isometric exercises improved significantly in 
cardiovascular efficiency, while the subjects having iso­
tonic exercises did not. However, the isometric group's 
gains were not high enough to be significantly better than 
the gains of the isotonic exercise group.
2. The subjects in the two lowest categories of 
initial cardiovascular fitness improved significantly in 
step test performance as a result of an isotonic exercise 
program. The subjects of the same initial condition who 
were given isometric exercises did not show significant 
gains. When the two exercise programs were compared, only 
in the lowest classification was a significant difference 
found, in favor of isotonic exercises.
3. Isotonic exercises resulted in significantly 
poorer cardiovascular efficiency scores at the end of the 
training program for subjects of highest initial cardio­
vascular efficiency than did the subjects of the same 
initial status in the isometric program. The latter group 
showed no change from initial to final tests.
4. For all subjects, a significant negative correla­
tion was found between initial cardiovascular condition and 
gain made from initial to final test. This negative rela­
tionship was much more pronounced in the isotonic exercise
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group than in the group who exercised isometrically.
5. The relationship between body weight and step 
test performance was in a negative direction, although the 
coefficient of correlation was not significant. The rela­
tionship between the type of exercises employed and changes 
in cardiovascular efficiency of girls, when classified 
according to body weight, was not significant.
6. Both exercise programs produced significant gains 
in cardiovascular fitness for the eighth grade girls clas­
sified as being of average weight; no difference was found 
in the comparative effectiveness of the two types of exer­
cises for these subjects.
Discussion of Findings
The results of this study did not show any distinct 
advantage for either isometric or isotonic exercises in the 
development of cardiovascular efficiency. However, there 
were certain implications, which may warrant further study. 
In this section, the writer has endeavored to go beyond the 
mere statement of findings and make inferences and suggest 
possible explanations for the results when deemed appro­
priate.
It was found that there was a significant gain in 
cardiovascular efficiency for the total isometric exercise 
group but not for the isotonic exercise group. However, the 
analysis of covariance indicated there was no significant 
difference between the two exercise groups. This finding
may be explained by the fact that the subjects of lowest 
initial fitness gained significantly as a result of isotonic 
exercises, and the subjects of highest initial status had a 
significant drop in performance. This probably had a neutral­
izing effect resulting in no over-all gain. On the other 
hand, the isometric exercise program did not produce signifi­
cant gains for any subgroup (formed on the basis of initial 
fitness), but when combined and analyzed as one group, a 
significant gain was noted. This could be interpreted as 
indicating that isotonic exercises may be more specific in 
their effects, their value being dependent upon the individ­
ual; whereas, the effects of isometric exercises may be more 
general in nature, being applicable for all persons regard­
less of their initial status.
The finding which showed the subjects of highest 
initial cardiovascular efficiency experiencing a decrease in 
performance at the end of the training program cannot be 
readily explained. Had they shown no change, it would be 
understandable, indicating that the exercises were not 
vigorous enough to cause significant improvement for persons 
at this level of fitness. Perhaps the explanation might lie 
in the area of motivation, time of the year, outside activi­
ties, or other extraneous variables. Nevertheless, there 
was a very definite negative correlation between initial 
status and gain which cannot be wholly attributed to amount 
and intensity of the exercise program; nor by the contention
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that the very good have less room for improvement.
The importance of motivation was recognized, and every 
effort was made to encourage the subjects to do their best 
in training and in their tests, and to provide the subjects 
with a knowledge of results, and a record of progress. The 
increase in strength of the isometric subjects as measured 
by the Iso-Kit for the "dead lift" exercise, indicated that 
these subjects were exerting maximum effort for the exercise 
provided. The isotonic exercise subjects also kept records 
of the number of squat thrusts completed and the number of 
steps taken in the running exercise. The increase in number 
of squat thrusts and steps for nearly all subjects gave 
evidence that they, too, exerted maximum effort during 
training.
A superficial examination of the initial and final 
means of cardiovascular efficiency scores for the three weight 
classifications indicated that being overweight was detri­
mental to cardiovascular efficiency performance. The over­
weight subjects had the lowest cardiovascular efficiency 
scores; whereas, the underweight subjects had the highest 
cardiovascular efficiency scores. However, the correlation 
between weight and cardiovascular efficiency, although nega­
tive, was not significant. One major point of contention in 
the classification of the subjects by body weight may be the 
Pryor Width-Weight Chart itself” There is some reason to 
believe that this chart is not as valid as it once was.
Since the last copyright date was 1940, it would appear that
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this chart is not up to date with the changes that have come 
about in the human physique. The literature gives evidence 
of the fact that the American youth today is taller and 
heavier than at any time in the past. Prom close personal 
observation of the subjects in this study, this investigator 
did not feel that all of the subjects classified by the chart 
as being underweight or overweight were actually underweight 
or overweight. This was particularly true of the girls 
classified as overweight. According to the chart, fifty- 
four, or nearly half of the subjects were classified as being 
overweight. In the opinion of this writer, the group was 
fairly homogeneous in terms of body size. There were a few 
noticeable overweight and underweight girls, but the 
majority of the subjects seemed to be about "average" in 
body build and weight.
Therefore, although neither isometric nor isotonic 
exercises caused significant gains for the overweight or 
underweight subjects, it was felt by this investigator that 
there were too few subjects who were actually markedly over­
weight or underweight.
III. CONCLUSIONS
Within the limitations of this study, the following 
conclusions appear to be justified:
1. For the general population of eighth grade girls, 
the isometric exercises performed in this study will pro­
duce significant improvement in cardiovascular efficiency.
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2. Isotonic exercises are better for subjects having 
low initial cardiovascular efficiency than are isometric 
exercises.
3. In order to improve the cardiovascular efficiency 
of the high initial cardiovascular efficiency group, more 
strenuous exercises should be provided.
4. Being overweight is detrimental to cardiovascular 
efficiency performance, as measured by a step test.
5. Average weight girls show more improvement in 
cardiovascular efficiency than either underweight or over­
weight girls, regardless of the type of exercise program 
employed.
IV. RECOMMENDATIONS
In consideration of the results of this study, the 
writer makes the following recommendations:
1. An experiment lasting longer than six weeks to 
see if length of time of training is a contributing factor 
in improvement of cardiovascular efficiency.
2. A study providing increasingly more strenuous 
exercises as initial cardiovascular efficiency improves.
3. An investigation using a more up-to-date form of 
weight classification and a sizable number of subjects who 
are decidedly overweight and underweight.
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